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Abstract: In order to test an alternative hypothesis on the relationships of some callionymids, we examined the
genetic relationships of 13 species of five comrnon genera (Bathycallionbwnus, Caltiurichthys, Foetorepus, Re-
Pomucenus, and Paradiplogrammtts) of dragonets, using horizontal starch gel electrophoresis method. The locus
PROT" showed species-spechic allozyme markers for the six Repomucenus species tested. Diagnostic marker
ieci for the congeners FoetorePus altivelis and F. masMclai were G3PDH", LDH-B*., LDH-A*, and SOD*. The
D value was lowest between B. fomiosanus and B. haianus (D=O.O02). Results of the dendrogram generally
agreed with the present taxenomical criteria, but with partial conflict on the positions of C. ]'aPonicus, R. Iuna-
tus, and R. Planus. Although our dendrogiam agree with the phylogenetic relationships of dragonets (estimated
on the basis of comparative osteology) on the clustering of the genera Calliurichthys and RePomucenus, it dis-
agrees on the positions of the genera BathycallionNmzcs, FoetorePus, and Paradi logrammus. Our data suggest
that the species status of B. haianus and B. fomaosanzts be reinvestigated, and the generic status of C. 1-aPoni-
cus should be reconsidered from the taxonomical and systematical view points.
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INTRODUCTION
  The dragonets of the family Callionymidae are group of benthic marine fishes living in shailow
waters down to depths of about 900 meters (Fricke, 1983). Dragonets are most abundant and
diverse in shallow marine waters of the Indo-Pacific (Smith, 1963). Most of them are nearly
circumtropicai in warrri and temperate seas (Fricke, 1981). Some of them are valued as food in
selected areas of Japan.
  Effective preservation of existing fisheries resources require the documentation and monitor-
ing of the elements of their biodiversity. Thus it has become important to evaluate the ecolo-
gical, genetic, and morphological diversities of our fisheries resources. Morphological (Nakabo,
1982, 1983a; Fricke, 1983) and ecological Uohnson, 1972; Eda, 1994; Gonzales et al., 1996a,
1997) studies were done on several dragonet species. Recently, random amplified polymorphic
DNA-polymerase chain reaction RAPD-PCR genetic markers for twelve dragonets were made
avallable (Gonzales et al., 1996b), but no effort has been spent in examining their identity and
in analyzing their protein electrophoretic mobility. Furthermore, the genetic relationships
among dragonet species have not been analyzed.
  Although recently, the molecular genetic techniques are mostly concerned with DNA-level
research such as mitochondrial DNA, minisatellite and microsatellite fingerprinting, etc., isozy-
me analyses will continue to be the mainstay for studies on the genetic diversity and relation-
ships among species (Park and Moran, 1995). Furthermore, allozyme electrophoresis can
generally provide infomiation on the quantity and spatial distribution of genetic variation of rare
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or endangered species (Meffe, 1990).
  A study on the phylogenetic relationships of dragonets was done by Nakabo (1983b). The
widely accepted classhication of dragonet species is based on morphological and stmctural char-
acteristics (Nakabo, 1982, 1983a; Fricke, 1983), and osteology (Nakabo, 1983b). However,
since dragonets vary morphologicaly accordmg to sex and during ontogenesis (Ochiai, 1955;
Nakabo, 1983a), various workers find it dithcult to classify them, resulting in disagreements in
the taxonomic positions of several of the callionymid genera (Ochiai et al., 1955; Fricke, 1983;
Houde, 1984; Nakabo, 1983a, 1983b, 1993). Thus, the systematics of dragonets is yet not
complete.
  In order to give an alternative hypothesis on the relationships of some ca-onymids, we ex-
amined the genetic relationships of five common dragonet genera in southwestem Japan. This
study aims to use allozyme electrophoresis in order to investigate the genetic diversity and the
genetic relationships among dragonet species of the genera Bathycalltonymus, Calliurdehthys,
FoetorePus, Paradi logrammus, and RePomucenus. The identity and analysis of protein elec-
trophoretic mobility of dragonets are reported here for the first time.
MATERIALS AND METHODS
  Most of the fish samples were col-
lected by trawl in Tosa Bay and by cast
net from Uranouchi Inlet, Kochi Prefec-
ture (Fig. 1). Some samples were also
collected form Mimase fish market in
Kochi City (Table 1). Fish samples were
stored in -40Åé to -80Åé freezers in
the laboratory until used. Tissues used
for the electrophoretic analysis were
skeletal muscle, liver, and eye. Enzymes
used for the analysis are shown in Table
2. Horizontal starch-gel electrophoresis
and stzitmg procedures were canied out
following Sumantadinata and Taniguchi
(1981), with slight moddications. The
buffer systems used were citric acid-ami-
nopropyl morpholine (C-APM) at pH 6.0
and Tris-citrate (T-C) at pH 8.0 (Table
2). Each species was run on a gel and
eventually all species were run on the
same gel to compare the band distances
among them in all the loci used. The
number of fish samples used for each
species is given in Table 1.
  The gene nomenclature for '
were calculated following Allendorf andlog. I) 'both species.
UPGMA. Test of conforTnance to
conventional chi-square tests with Yate's
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Fig. 1. Map of Tosa Bay and Uranouchi Inlet, where
most of the samples used in the present study
were collected. Dotted portions show the sam-
pling locations.
                     protem-coding follows Shaklee et al. (1990). Allelic frequencies
                           F rguson (1990). Nei's (1972) genetic distance (D= -
were calculated for each species pair, using all loci at which genotypes were scored for
      Genetic distances form each pair were used to construct a dendrogram, using the
                      expected Hardy-Weinberg proportions were carried out by
                              correction (Pasteur, et al., 1988). Except for the
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isozyme loci PGM* of RePomucenus Planus, all species conformed to Hardy-Weinberg equilib-
ria, in so far as that can be determined from sarnples used. Species identhication of dragonets
used in this study was done according to Nakabo (1982, 1983a, 1993).
         Table 1. Thirteen dragonet species used in this study with their respective year, location
                and depth sampled and number of individual tested
Species  Year
sampled Location Depth (m)
Number of
speclrnen
B. foimosanus
B. haianus
B. soleonumeri
R. Planus
R. beniteguri
R. Iunatus
R. virgts
R. richarcisonii
R. huguenini
C. ]'aPondeus
F. alts-velis
F. masudai
P. enneatis
!993
1993
1994
1994
1993
1994
1993
1993
1993
1994
1994
1995
1995
1994
1994
1994
1995
1994
1994
1994
1995
  Tosa Bay
  Tosa Bay
  Mimase*
  Mimase*
  Tosa Bay
  Tosa Bay
  Tosa Bay
  Tosa Bay
  Tosa Bay
  Tosa Bay
  Tosa Bay
Uranouchi Inlet
  Tosa Bay
  Mimase*
  Mimase\'
  Tosa Bay
  Mimaserk'
  Tosa Bay
  Tosa Bay
Uranouchi Inlet
Uranouchi Inlet
  120
   90
unknown
unknown
   15
   15
   60
   45
   60
  180
   90
    1
   15
   20
unknown
   90
unknown
  180
  180
    1
    1
11
1
4
6
20
4
13
7
6
8
6
18
2
28
10
3
7
20
1
17
5
Table 2.
 "' Trawling was conducted in Tosa Bay but information on depth not available.
List of enzymes and electrophoretic conditions used for screening 13 callionymids in this study
Enzyme Commission no. Locus Tissue** Buffer***
Glycero-3-phosphate dehydrogenase
Creatine kinase
Isocitrate dehydrogenase (NADP+)
L-Lactate dehydrogenase
Malate dehydrogenase
General (unidentdied) Proteins
Phosphoglucomutase
Superoxide dismutase
1. 1. 1. 8
2. 7. 3. 2
L 1. 1. 42
L1. 1. 27
1. 1. 1. 37
5. 4. 2. 2
1. 15. 1. 1
G3PDH*•
CK*
IDHpx
LDH-A*
LDH-B*
LDH-cx:
MDH-1 *
MDH-2*•
MDH-3*
PROIbk
PGM*
SOD*
M, L
M, E
E
E
E
E
M, E
L
M
M
M, L, E
L
A
A, B
A
A
A
A
A, B
A, B
A
A, B
B
A
**
***
M,
A,
muscle; L, liver; E, eye
citric acid-aminopropyl morpholine (pH 6.0); B, tris-citrate (pH 8.0).
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Table 3. Allele frequencies in thirteen dragonets at 12 loci. Bf, Bathycallionymus formosanus; Bk, B. kaianus;
      Bs, B. sokonumeri; Rp, RepomucenusPtanus; Rb, R. beniteguri,- Rl, R. Iunatzts,' Rv, R. virgis; Rr, R.
      richardsonii; Rh, R. hugnenini; Cj, Calliurichthys 1'aPonisus; Fa, FoetorqPus altivelis; Fm, F. masztdai;
      Pe, Paradi logrammtes enneactis
Loci alele
Species
Bf Bk Bs Rp Rb ru Rv fe kh Cj Fa Fm Pe
G3PDH*
CK*
IDHP*
LDH-C*
LDll-B*
LDH-A*
MDH-1*
MDll-2*
130
100
 80
 60
 30
140
122
100
100
 80
 60
 20
-100
100
 91
 82
 76
116
100
 89
 77
 47
  o
-44
-loe
-144
-288
146
123
108
100
 92
 77
 54
171
109
100
 89
 78
 67
 50
1.oeo 1.ooo 1.ooO -
1.000 1.000 1.000
1.000 1.000 1.000
1.000 1.000 LOOO
1.000 1.000 1.000
1.000 1.000 1.000
O.954
O.046
O.046
O.954
1.000 1.000
1.000 1.000
1.eoo
1.000
    1.000
     - O.976
1.000 - O.024
LOOO 1.000
        LOOO
    1.000
O.970 1.000
O.030
1.000
1.000 -
        O.059
        O.941
O. 925 1. 000
    1.000
O.075
O.947
O.053
O.025
O.975
1.000
O.925
O.075
1.000
1.000
1.000 1.000
1.000 -
        O.025
        O.625
 - O.625
        O.350
 - 0.375
1.000 -
1.000
LOOO -
LOOO
O.974
O.026
1.000
1.000
1.000
1.000
1.000
1.000
1.000
O.805
O.195
1.000
1.000
LOOO
O.025
O.975
1.000
1.000
O.875
O.976
O.024
1.000
LOOO
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
 - O.650
1.000 O.350
1.000
1.000
1.000
1.000
1.eoo
1.000 -
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
O.083
O.917
O. 023
O.977
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MDH-3*
PGM*
PROT*
SOD*
 38
 132
 112
 100
-100
-140
-180
 125
 115
 100
 93
 81
 74
 53
 -48
 -71
 -88
-100
-121
-131
 100
 60
 40
 28
 20
-100
-250
O.850 e.875
O.150 O.125 1.000
LOOO 1.000 1.000
     O.125
1.ooe o.s7s 1.ooo
1.ooo 1.oeo
O.938
O.062
1.000 1.000 I.OOO
O.950
O.050
1.000
LOOO
1.000
1.000
LOOO
o.Ieo
O.825
e.o7s
1.000
1.000
O.975
O. 025
O.825
O.175
1.000
1.000
O.125
1.000 LOOO
0.e55
O.890
O.055
O.029
O.971
1.000
O.025
O.975
O.955
O.045
LOOO
O.650
O.350
1.000
LOOO 1.000
1.000
O.053
O.947
1.000
1.000
1.000
O.500
O.500
1.000
1.000
1.000
O.025
O.950
O.025
1.000
1.000
RESULTS
  Because of the relatively large number of dragonet species in five genera surveyed, the
number of loci common to them were limited to 12 (Table 2). Other genotypes have not been
scored in all individuals mainly due to poor enzyrne activity. No significant allele frequency dif-
ferences were observed among the samples of most of the species collected in different years,
localities, or depths (Table 1). RePomucenus virgis, of which samples were examined from
much different depths (Table 1), showed significant differences in allele frequency. The data for
each species were subsequentiy pooled for further analysis. The allozyme loci of dragonet stu-
died was characterized by numerous number of alleles ranging from 3 to 8. The locus CK" has
the least number of alleles (3), while MDH-2* has the most, 8 alleles (Table 3).
  The locus PROT" showed species-specific allozyme markers for the six Ropomucenus spe-
cies tested, though that of R. huguenini and R. rdeharclsonii were not completely divergent
from R. virgis (Fig. 2D). The SOD" locus ofB. soleonumeri showed a different electrophoretic
mobmaty from two of its congeners, B. formosanus and B. leainnus (Fig. 2B). The locus MDH-
3 * showed a diagnostic marker among the genera Calliun'chthys, FoetorePzas, and Paradi log-
rammus (Table 3). Diagnostic marker loci for the congeners FoetorePus altivelis and F. masu-
dai were G3LPDff', LDHA* CFig. 2A), LDH-B* (Fig. 2A), and SOD' (Fig. 2C). The
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Bs Bk
Electrophoretic pattems in some enzymes
        athycallionymzes formosanus;
                  R. Iunetzas; Rv, R.
                 FoetorEIPzts altivelis; Fm
                  only white bands were scored.
bands scored for locus PROps. Direction of electrophoresis was from bottom to top from B to D.
                             .t-48 allele
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showing allozyme markers for several species of dragonets
Bk, B. haianus; Bs, B. sokonumeri; Rp, RePomucenzas Pla-
    virgis,' Rr, R. n'eharclsonii; Rh, R. huguenini; Cj, Cal-
    , F. masudai; and Pe, Paradiplogrammus enneactis. In
           Asterisks in enzyme PROT (D) indicate the
monomeric protein PGM" was the most variable in genus Ropomucenus, showing seven alleles
among them (Table 3).
  To estimate the degree of genetic divergence among the species studied, genetic distance
(D) was calculated using the allele frequencies in Table 3. The D value will become zero when
the allele frequencies of the two species compared are completely identical, and infinite when
they do not share any common allele CNei, 1972). The genetic distance for each pair of species
is given in Table 4. The three species of genus Bathycallionymus did not share any common
allele with RePomucenus beniteguri, resulting in an infinite value in their respective Ds. In order
to obtain a D value between the pairs of R. beniteguri and each of the three species of Bath-
ycallionymus (for constructing a dendrogram), we temporarily adjusted the allele frequency of
allele G3PDH"100(from 1.000 to O.990) and allele G3PDH"60(from O.OOO to O.OIO) in the
three species of Bathycallionymus, and vice versa for R. beniteguri. The D value was lowest
between B. formosanus and B. kainnus (D=O.O02). Besides the inlinite D values between R.
benitegun' and each of the three species of Bathycallionymus, the next highest D value was be-
tween F. altivelis and R. Iunatus (D=3.423). The genetic distance among species ranged from
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O.O02 to O.159 (mean=O.105) within three pairs of the genus Bathycallionymus, from O.405 to
2.387 (mean=1.266) within 15 pairs of the genus RePomucenus, and O.445 between a pair of
species under the genus FoetorePus. The genetic distance among species of different genera
ranged from O.724 to an infinite value (assumed as 6.400) with a mean of 1.797 in 59 pairs. ff
the three pairs having infinite D values are excluded, the D will range from O.724 to 3.423
(mean=1.551) in 56 pairs. Values of D tended to increase with higher taxonomic levels.
Table 4. Genetic distances CNei, 1972) in thirteen dragonets
Species Bf Bk Bs Rp Rb ru Rv fe Rh Cj Fa Fm Pe
Bf
Bk
Bs
Rp
Rb
ru
Rv
k
Rh
Cj
Fa
Fm
Pe
O.O02
O.154 O.159
1.315 2.355 1.750
6.387* 6.368* 6.400X: O.886
1.949 1.868 1.500 1.236 1.753
1.666 1.644 1.658 2.387 1.342 1.722
2.399 2.403 2.413 1.127 O.405 O.731
1.748 1.725 1.739 1.416 O.718 1.930
1.768 1.768 1.782 1.491 O.725 2.425
1.351 1.366 1.787 1.777 1.078 3.423
2.390 2.434 2.388 1.552 1.213 2.107
O.888 O.897 O.911 1.005 1.618 2.104
O.820
O.851 O.674
1.128 O.724 O.950
1.100 1.051 1.377 O.784
1.178 1.545 L.?.41 1.516 0.445
2.400 1.388 2.120 O.982 O.924 1.118
Si` An assumed D value•
R. planus
R. iunatus
E attivelis
E inasudai
R. virgis
C. japonicus
R. hugvenini
R. rjchardsonii
R. befiiteguri
P. enmeactis
k. sokonumeri
B. k.aianus
B. formosanus
 2.1 1.9 1.7 1.5 1.3 1.1 O.9 O.7 O.5 O.3 O.1
                   Nei's genetic distance
Fig. 3. Dendrogram showing the genetic relationships among thirteen callionymid species.
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  The phenetic relationships among the 13 dragonet species, based on the genetic distances,
are interpreted through a dendrogram (Fig. 3). The clustering analysis in the dendrogram re-
vealed four clusters at a distance of 1.273, based from genetic distance in subfamily and farnily
levels of sparids (Taniguchi et al., 1986). The first cluster (from bottom)• comprised, species of
the genus Batdycallionymtts (B. formosanus, B. haiaus, and B. soleonunzerz) and P. enneactis.
The second and the biggest cluster comprised four RePomucenus species (R. beniteguri, R.
richarclsonii, R. huguenini, and R. virgis) and C. 7'aPonicus. The third cluster was composed of
two species of the genera FoetorePus (F. altivelis and F. mczsudat), while the Iast cluster com-
prised R. Iunatus and R. Planus.
DISCUSSION
Genetde divergence
  The mean D value among species of dragonets (O.105-1.266) is similar to carangids (O.322
-1.022) (Kijirna et al., 1988), sparids (O.540) (Reina et aL, 1994), (O.O13--O.249) (Taniguchi
et al., 1986), and Pleuronectidae (O.445--1.413) (Ward and GalleguMos, 1983). Similarly, the
intergeneric mean D value (1.797) of dragonets also coincides with the reported D values of
several maime fishes: Carangids (1.780--2.290) (Kijima et al., 1986, 1988), Pleuronectidae
(1.110) (VVard and Galleguillos, 1983), and Sparids (1.040-2.123) (Taniguchi et al., 1986;
Reina et al., 1994).
  The infinite D value between R. beniteguri and each of the three species of Bathycallionymus
may be due to the limited number of gene markers used (Kijima et al., 1986). Thus, these infi-
nite D vaiues should not be considered as true values (Table 4), because common alleles are
expected to be found by examining more number of allozymes (Kijima et al., 1986).
Genetde and morphologtcal relationshiPs
  Results of the dendrogram generally agreed with the taxonomical criteria of Nakabo (1983a,
1993) (Fig. 3). As expected, respective species belonging to the genera Bathyalltonymus, Re-
Pomucenus, and FoetorePus were clustered according to their generic status in morphological
taxonomy. The positions of C. ]'aPonicus, R. Iunatus, and R. Planus in our dendrogram,
through, are not in accordance with Nakabo (1983a, 1993). However, R. IunatMs and R. Pla-
nus are also separated from the rest of the RePomucenMs spp. (except R. valenctennez) in hav-
ing three downward branches at the anterior part of their iniiraorbital canal (key to the species
of Repomucenus; Nakabo, 1983a). On the other hand, the position of R. Izanatus and R. Planus
(Fig. 3), which is more distantly located from the main RePomucenus-group (2nd cluster) than
the FoetorePus-group may be attributed to the accidental error magnified by the formula for cal-
culation of D value, resulting in a higher D values of R. Iunatzas and R. Planus. The D values
between R. Iunatus or R. Planus and ail other species used in this study are relatively large
(Table 4), so that these values rather suggest a specialized status of the species R. Iunatus
and R. Planus. This case is similar to those of Taniguchi et al.(1986) and Kijima et al.(1986).
Moreover, the accuracy of the genetic distance method affected by a number of factors one of
which is detectabihty of gene difference (e.g. by electrophoresis) (Nei, 1972).
  Although Fricke (1983) separates C. 1'aPonicus from R. beniteguri and R. Planus in a diffe-
rent subgenus, he and Ochiai et aL(1955) classify them under one genus - Calltonymus.
Furthermore, in his phylogenetic study, Nakabo (1983b) includes the genera Calliurichthys and
RePomucenus under the Calliurichthys-stem. According to him, this Catliurichthys-stem Cliffers
from the other genera of the Callionymus stem. These show a close relationship between C.
joponicus and the Repomucenus species, which is consistent with the clustering of three Re-
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Pomucenus species and C. joPonicus in our dendrogram. But, R. virgts is separated from the
cluster including C. joPonicus, R. huguenini, R. richardsonii, and R. beniteguri. On the other
hand, Nakabo (1983a) suggested that R. virgts is closely related to R. huguenini. These sug-
gest that the generic status of C. iaPonicus should be reconsidered.
  In the dendrogram, B. soleonumeri i's divergent from B. leaianus and B. formosanus by a
genetic distance of O.157. This result supports Nakabo's report (1983a) that the preopercular
spine, the elongated first dorsal spine, and the dark marks on dorsal surface of the body of B.
formosanus are more like those of B. kaianus than those of B. sokonumeri. Fricke's (1981)
table on the character and distributional comparisons of species of the Callionymus leainnus-
group also shows a closer relationship between B. kaianus and B. formosanus than B. soleo-
numen'. Moreover, the D value (O.O02) between B. formosanus and B. haianus is extremely
low and they have no completely divergent allozyme locus. But, the two species can be clearly
distinguished by the colorations of second dorsal and anal fins and the bifurcated tip of anterior
branch of the last ray on the second dorsal fin in B. leaianus CNakabo, 1983a). Moreover, most
of the primers used in the RAPD markers of callionymids showed a specific banding patterns
for these three Batdycallionymus species (Gonzales et al., 1996b). These indicate that the
above three dragonets are distinct species. It is, therefore, recommended to conduct -m.-ore
molecular taxonomic studies on the species of genera Bathycalltonymus in order to decide the
taxonomic status ofB. formosanus and B. kaianus.
  The dendrogram CFig. 3) shows that: P. enneactts is genetically closer to the genus Bath-
ycallionymus than the genera RePomucenus, Calliun'chthys, and Foetorepus; C. joPonicus is
closely related to the genus Roponzucenus than the rest of the genera studied; and the genus
FoetorePus is closely to the genus RePomucenus and C. 1' mponicus than the genera Bathycal-
lionymus and Paradi logrammus. Although these results agree with the phylogenetic relation-
ships of dragonets [estimated on the basis of comparative osteology (Nakabo, 1983b)], on the
clustering of the genera Calliurichthys and RePonzucenus, they are in confiict with the positions
of the genera Bathycallionymus, FoetorePus and Paradi logrammus. Bathycallionymus is a simi-
lar genus to FoetorePus and both belong to a common stem in the phylogenetic tree of Nakabo
(1983b), while in our dendrogram they belong to a different cluster. Moreover, the genus Pa-
radi logrammus, belonging to the same stem with the genera Calliurichthys and RePomucenus
in the phylogenetic tree is clustered with the genus Bathycallionymus, which is distantly related
to the genera Calliurichthys and RePomucenus in the present dendrogram.
  The most plausible explanation for the conflict between morphological diversification and
levels of molecular evolution in the genera Bathycalltonymus, FoetorePus, and ParadiPlogram-
mus, and probably including the species R. Iunatus and R. Planus is that the speciation and
morphological evolution are two processes that usually occur synchronously but may also pro-
ceed independently, such has been documented by Sturmbauer and Meyer (1992) in cichlid fish
and supported by Reina et ai.(1994) in their work on sparids.
  The used of minimum number of isozymic loci in the estimation of interspecific gene differ-
ences has been demonstrated by Park and Kijima (1991) in their work on pleuronectid species,
as in the present study. Nevertheless, we still need to conduct allozyme electrophoretic ex-
amination on more loci and species from different geographical locations in order to infer more
on the phylogeny of the callionymid fishes.
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